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(54) CAPACITIVE TACTILE SENSOR ARRAY 



(57) Abstract : 

PURPOSE: To provide an improved type tacti le sensor array of high 
space resolution which can be easily manufactured at a large scale, 
by providing a substrate which comprises the first surface and an 
electronic integrated circuit formed on the first surface. 
CONSTITUTION: A thin film of a conductive material such as metal is 
provided in an area of a substrate 11 constructed of a dielectric 
material, thus a plate 10 for a capacitor is formed. On the surface 
of the substrate 11, a large scale electronic circuit 12 is formed. 
The shape of the area on the plate 10 is rectangular, and, when 
required, coated with a thin dielectric body 13. A deformable thin 
conductive film 14 is provided, with a gap (h) , above the substrate 
11, and since the film 14 is deformable, it is displaced or bent in 
the direction of the substrate 11 according to a pressure from 
above and a capacity increases locally due to the deformation. In 
order to measure changes in capacity, for, for example, each 
capacitive sensor on an array, the plate physically held on the 
substrate 11 is kept always at an earth voltage. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[ 0001 ] 

[Industrial Application] this invention relates to the capacitive tactile sensor array using the large-scale electronic instrument. 

Moreover, this invention relates to the method of making the output according to the pressure applied to the element of the capacitive 
sensor of the aforementioned array. 

[ 0002 ] 

[Description of the Prior Art] The interface of a computer and a nature including human being is still imperfect in many points. Many 
of some input media or interface media are not necessarily constituted now so that it can be specially used by various methods, i.e., a 
natural method. For example, the special pen which restricted the quality and the amount of an information input through the above- 
mentioned medium (line with simple uniform width of face and intensity) because it was required is used for digitizing a tablet in 
many cases. Under some conditions, although such an input unit is also suitable, the interface by the more general tactile sense in 
many cases is desirable. 

[0003] The tactile sensor, i.e., the sensor which has the transducer which changes pressure information (contact information) into an 
electrical signal, is already manufactured based on some physical principles. There are some which measure the local force applied to 
a base using a piezoresistance, piezoelectricity, or capacitive detection in these sensors. For a capacitive tactile sensor array, it is also 
the 5,016,008th for it to be indicated by many U.S. patent specifications and to mention as an example. A number specification and 
the 4,73 1,694th A number specification and the 4,740,781st A number specification and the 4,43 1,882nd A number specification and 
the 4,614,937th There is a number specification etc. Since these well-known equipments generally do not have a detailed spatial 
resolving power but the passive address system is being used for them, they need to carry out addressing of the conductor on two 
substrates which need alignment. Especially, it is the U.S. patent 4,614,937th. In the case of the equipment indicated by the number 
specification, it makes it difficult to manufacture the large-scale sensor array which has resolution between altitude. Furthermore, in 
the case of a well-known capacitive sensor array, it is difficult to offer the output according to the grade of the pressure applied to a 
capacitive sensor pad. 

[0004] The design of a large number which make the array of a capacitive cell is described in many reference. (For example) "A High- 
Performance Silicon Tactile Imager Basedon a Capacitive Cell", K.Chun, and KD.Wise, IEEE Transactions on Electom Devices, and 
ED-32 (7), PP.l 196-1201; (1985) "A 1024-Element High-Performance Silicon Tactile Imager", K.Suzuki, K.Najafi, andK.D.Wise, 
IEDM, and PP.674-677 (1988); "128 x 128 Deformable Mirror Device", L.J.Hombeck, IEEE Transactions on Electom Devices, and 
ED-30 (5), pp.539-545; (1983) "Deformable mirror device spatial light modulators and their applicability to optical neural networks" 
D.R.Collins, et al.Applied Optics, 28 (22), It is reference about pp.4900-4913 etc. (1989). With the mirror equipment (DMD) which 
can deform, two or more voltage is applied to one plate of each capacitive cell (each electrode on a glass substrate), a bridge or a 
cantilevered suspension object is made to transform, and the incident ray to an array is scattered. However, it is not proved yet that 
these equipments can manufacture on a large scale. 

;0005] 

Summary of the Invention] The purpose of this invention is easy to manufacture on a large scale, and it is to offer the advanced tactile 
sensor array which has resolution between altitude. According to this invention, a large-scale electronic instrument is used for 
manufacture of a two-dimensional tactile sensor array. The sensor array which measures capacity especially is used. Mainly, by 
change of the physical parameter (especially the thickness of bridge structure and the bulk-modulus of an elastomer) of sensor 
structure, the array of this invention can adjust the sensitivity to the force, and can also offer resolution between altitude. 

[0006] Two or more TFT (TFT), 1, or two or more simple amplifier are used for reading of the mechanical load added to a sensor. The 
general layouts of an array are easy to be what is seen by the driver array of a liquid crystal display, and a similar thing in some points, 
for example, transparent - when using a conductor, it is also possible for a two-dimensional optical scan array or - to combine a 
liquid crystal display for the above-mentioned sensor used by this invention, and to manufacture a very powerful interface device 
based on a large-scale electronic instrument 

[0007] If it says briefly, according to this invention, a capacitive tactile sensor array has the substrate which has the 1st front face, and 
the electronic integrated circuit formed on this 1st front face, two or more 1st capacitor electrodes by which this circuit was ****(ed), 
an input/output terminal, and the plate of the aforementioned capacitor - each - the aforementioned I/O - it has the active electronic 
device combined with a conductor The 2nd capacitor electrode means is ****(ed) from the 1st front face of the above, it has two or 
more aforementioned 1st capacitor electrodes and the conductive field which aligns, and two or more sensor capacitors are formed. 
The terminal voltage is connected to the aforementioned 2nd capacitor electrode means. 

[0008] According to another feature of this invention, a capacitive tactile sensor array has two or more capacitive sensors which have 
the 1st electrode and the 2nd electrode, respectively, an integrating-amplifier means, ******** ?a means to connect the 
aforementioned sensor electrode to the aforementioned voltage source and the aforementioned integrating-amplifier means 
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alternatively, and a means to connect the 2nd electrode of the above to one terminal of fixed potential in common. Another feature of 
this invention is in the method of detecting the pressure applied to the sensor capacitor of the tactile-sense array which has the matrix 
of two or more 1st capacitor plates arranged in the shape of a matrix. The 1st capacitor plate collaborates with 2nd at least one 
capacitor, and forms the capacitor electrode for sensors. The method of depending on this example has the process which charges one 
line of a sensor capacitor, and the process which discharges for an integrating-amplifier means alternatively from the aforementioned 
sensor capacitor. The output of amplifier brings the result with the thing corresponding to the pressure applied to the sensor capacitor 
of each line. 

[0009] 

[Example] The sensor array by this invention consists of two big portions. That is, it is with the electronic circuitry for carrying out the 
address to the element of (1) array, and reading change of the capacity of each sensor cell, and the array which consists of each sensor 
cells, such as (2) capacitive sensor. First, a sensor cell is explained. 

[0010] In order to manufacture a capacitive sensor element according to one example of a capacitive sensor element this invention, as 
shown in drawing 1 , the thin film of conductive material, such as a metal, is prepared on the field of the substrate 1 1 which consists of 
dielectric material, such as glass, and the plate 10 of a capacitor is formed. This is performed by carrying out metallic coating of the 
field of the request for example, on a substrate. Moreover, the large-scale electronic circuitry 12 is formed in the front face of a 
substrate 1 1. The configuration of the field of a plate 10 is a rectangle, and in order to protect a metal from contact electrification or 
chemical etching, it is covered with the thin dielectric 13 if needed. 

[001 1] In the array of drawing 1 , the thin conductive film 14 which can deform keeps only an interval h above the glass substrate 1 1 
by which metallic coating was carried out, and is prepared in it. As technology of isolating a film 14 from a plate 10, there is a method 
of making the elastomer material of thickness h adhere to a glass substrate. Since it can deform, according to the pressure from the 
upper part, it displaces in the direction of a substrate, or the conductive film 14 is bent. By this deformation, capacity increases locally. 
By the capacitor formed by this method, the capacity of a capacitor relates to the dielectric constant of an elastomer. Deformation 
arises with the pressure applied to an elastomer, and capacity changes with these deformation. Although a plate 10 and a film 14 can 
also be arranged to the pattern corresponding to the array of the conductive pad (capacity coupling which is not desirable is decreased) 
of the shape of an adjusted rectangle, it is also possible to make a film 14 continue and not to pattemize more simply. 

[0012] The structure shown in drawing 1 has the fault of being accompanied by the hysteresis effect peculiar to an elastomer. That is, 
it gets worse, so that volumetry stability cannot be received depending on the case. Structure where the capacitive sensor element used 
for the capacitive pressure survey by the sensor array of this invention is another is shown in drawing 2 in graph. This sensor consists 
of different capacitors from the composition of dra wing 1 in the point of having the opening layer 16 formed in the field of the 
conductive pad which is surrounded by dielectric materials 17 in a longitudinal direction, and is demarcated with a plate 10. Isolation 
arrangement of the plate 10 in the external field of a sensor element and a film 14 is performed by inserting material 17. If material 17 
is suitable dielectric materials, it is good anything. 

[0013] Furthermore, with another structure, as shown in drawing 3 , it replaces with the bridge structure shown in drawing 1 and 
drawing 2 (the upper top film 14 of a plate 10 is carrying out the "bridge” of the upper surface of the opening layer 16), and the 
cantilevered suspension of top film 14’ is carried out in the field of the opening layer 16. That is, a film is caudad bent towards a plate 
10 with the pressure applied to a cantilevered suspension field. In this structure, it is desirable to form the thin dielectric layer 13 on a 
plate 10, and to protect a plate from contact electrification or chemical etching. 

[0014] About the general property of the aforementioned sensor structure, h and the effective field of a capacitor are set [ the thickness 
of top film material ] to A for the interval of d, a plate, and top film material, since it is easy -- a capacitor -- length [ of one side ] a ~ 
almost - the shape of a square — it is - supposing -- area Aa2 of a capacitor it is . There are some elements which restrain the value of 
these geometric-like parameters. It is that the spatial resolving power of a sensor array determines A (or a) in the first place. The 
capacity of the capacitive cell in the state where second a load is not applied is that to be a predetermined value is demanded. For 
example, the spatial resolving power of a sensor array is made desirable [ that it is a about ]. At this time, the capacity C in the state 
where a load is not applied is as follows. 

[0015] Oepsilon 0 a2 / conventionally [ h ], the resolution of the tactile sensor on the basis of capacitive measurement was -1mm 
about, when C was the capacity of-lpF. This means that h is 5 micrometers to 10 micrometers. A bridge deforms only 2 for about 
h/thickness d of a bridge with a maximum load, and it is chosen so that capacity may do the increase in simultaneously 100 % of with 
this maximum load. This type of comparatively large-sized bridge is formed using die silicon wafer with which it ********** e d ? and 
a glass substrate adheres to this silicon wafer electrostatic. 

[0016] Moreover, a sensor array which has a more advanced spatial resolving power (for example, 100 microns) is desired. In this 
case, the capacity of each sensor cell is -0. IpF. When it is desirable that it is IpF of shells, a gap h needs to be about 1 micron or less 
than 1 micron. This type of structure is manufactured by the method similar to the method used for the structure of the mirror device 
which can deform (it mentioned above). 

[0017] By spreading the thin polymer to which metallic coating of [ on the grid construction manufactured on the glass substrate ] was 
carried out, form width is -100. The capacitor which has a 1/several microns opening layer by the micron can be manufactured. Or the 
capacitor of this size can also be made from the bridge and cantilevered suspension object with which a large number became 
independent. In this case, the flare of each bridge structure is [ whether it is small and ] dozens of microns. The array which consists of 
such small bridge structure or cantilevered suspension structure is constituted by the sensor cell unit of a desired size (for example, 

100 mumxlOO mum), and parallel connection of each structure is carried out electrically, with the present technology which 
constitutes bridge structure or cantilevered suspension structure, the well which is not easy, and performing parallel connection in this 
way need to obtain the width of face equivalent to the gap ratio required of a single sensor (for example, 100 mumxlOO mumx0.5 
mum) In this bridge structure or cantilevered suspension structure, the thickness of a conductive bridge material is chosen so that gap 
thickness h of a capacitor may change suitably (for example, 50 - 100%) and may distort with the maximum load predicted. Even if 
this bridge structure or cantilevered suspension structure is the case where a maximum load is applied, being constituted so that it may 
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rnntact mutually is desirable without damaging the electrode of a capacitor (when the protection film 1 3 not existing). 

[0018] Or about the structure of a sensor element, you may manufacture the element whose size of t : e can c mige a . 
canacitv and corresponds with the resolution of a request of a sensor array using a micromachining technology (ultra tine processing 
3X SS "f micro machine smicJes, such as a spring and a slider, are used, not only the s, ze of the appled force but 
its Lctioncan be measured (for example, refer to "Integrated Movable Mtomechmi^lS^m^ for Sensors and Actuators , 

i Pan v Tai and R S Muller IEEE Transactions on Electric Devices, 35 (6), and pp.724- /JO (.lyjsot;. 

, — • ~T ’ and thic rirniit is nreDared bv the Prior art on the dielectric substrates 1 1 , such as glass. Although the capacity plate 1 0 is 
Safe as an electric conduction field of the square which demarcates the bottom plate with 

r ss rsr ss ss of 

independent TFT 40 (TFT). The drain of this transistor is connected to the capacitor plate 1 V^FT^The^TtroTthis tr^isfaM 1 

iinpc tn and 31 ofeachtrain The train lines 30 and 3 1 are connected to the dram of independent TFT 41. The gate ottnistransi 

is connected to the common line 24, and the source is connected to the right voltage supply line 26. Furthermore, thetramhnesSOand 
31 are connected to the source of independent TFT 42, and the gate of this 

of a transistor 42 is connected to the input of the independent integrating amplifiers 50 and 5 1 . Amplifier 50 and 5 
SIS conittof integrating capacity 52 and 53 which intervene i between the soutee-drauts of mdependent TFT 43, 

rpsnertivelv The gate of this transistor 43 is connected to the common line 27. . 

Ktr: tzrJzs?£i ““ sxass ssg. 

charae process the RISSETTO line 27 is maintained by highness, the integrating capacitors 52 and 53 m each 
circuit it, and the output from each train is maintained by grounding potential (namely, outputofeachamplifier 50 and 51). 
rnn??i if the line of the capacitor bv which the address was carried out is charged to voltage V, it is TFT of the line. A turn i oft 
carried miffthaTis the* lbirgat^lines^ 1 and 22 or 23 becomes a low in the time t3 of drawing 5 ). And although a Irne 24 becomes a 
low in time t4 a line 25 becomes highness simultaneously with it. Waiting for time is performed until the potentia o e ^m 

corre^onding to the train address cfrcuit eases to grounding potential. And the reset line 27 becomes a low in time 5 and the : cuirent 

to the input of future amplifier will charge each integrating capacitor. Next, the same line i gate line ' Meeting 

Th. I ine of the charged capacitor discharges on the substantial ground connected to the input ot amplifier, integrating 

iS“ arrsho^chS by this. If Jen, o, capacitor disch^ges complemly, the charge which was tapp'd l « 

ooMntial V to a sensor capacitor train will be measured directly by the potential difference between capacitors 52 and 53. T P “ 

of™ tom * eSpUftrsincTeS capacity value is the function of the interval h between the plates of each sensor cape, to, , 

mis capacity value becomes what reflected directly the mechanical load added lo a sensor. The processing mentioned above is 

repeated also in the following cycle which carries out the address separately about other lines of a sensor , 

r JL,i -tw ijfjp,. */) an( j 57 shown in drawing 4 may be well-known various operational amplifiers. Such a circuit can be 

r y t u p U ne the usual sensor discharges, the line of this dummy sensor is manufactured so that it may charge to p 
7u u r nnH TFT 41* Moreover when the usual sensor charges to potential V, a dummy sensor discharges to grounding 

train and when the composition which carries out the address independently is taken, the switching circuit of drawing . 4 an - ^ 
is simnlified a little although manufacture becomes difficult. About the similar point on the structure of a deformation mirror p y 

it is just going to be pointed out from before. However, even if it charges the line of the 
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sensor capacitor of this invention, unlike the case of a deformation mirror display, remarkable deformation of a sensor capacitor is not 
produced. This effect is based on the scale's of electrostatic force. The electrostatic force per unit field between the parallel plates 
whose intervals are two sheets of h is force / field -epsilonOV2/2h2. It is described. For V, d is 0.5 at 10V. mum If it becomes, the 
force/field will be about 2x103. It is Newton / m2. About lg /of typical loads in capacitive detection is [ mm ] 2 (namely, about 105 
Newton / m2). Therefore, compared with the typical load by which electrostatic force is measured, the small thing is clear and the 
deformation by electrostatic force can be disregarded by designing a capacitor appropriately. 

[0026] It is desirable to cover the front face of a sensor with a "skin" and to protect capacitive structure from mechanical / chemical 
injury. This protection coating must have a size and a physical property to which the spatial resolving power of a sensor is not reduced 
remarkably. Thus, this invention offers the capacitive tactile sensor array using the large-scale electronic instrument which consists of 
an amorphous silicon, contest polysilicon, etc. The array by this invention is effective as interfaces for giving the information about 
contact by the advanced spatial resolving power, and the input unit to a computer, the parts of interactive-mode media, or a computer 
perceiving the state of a nature, such as in for example, the case of robotics etc. 

[0027] Of course, the flexible thing of the structure by this invention may not be flat, either, and you may be the both sides. Although 
this invention has been described about a single example, it is clear that change and an alteration can be performed about this. 
Therefore, a claim includes these change and alterations that are included in the pneuma and the range of this invention. 



[Translation done.] 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section showing the structure of the capacitive sensor element used for the sensor array of this invention in 
the state where the pressure is not received. 

[Drawing 2] It is the cross section showing structure where the capacitive sensor element used for the sensor array of this invention in 
the state where the pressure is not received is another. 

[Drawing 3] It is the cross section showing still more nearly another structure of the capacitive sensor element used for the sensor 
array of this invention in the state where the pressure is not received. 

[ Draw i n g 4 ] It is the schematic diagram of the circuit used for the sensor array of this invention. 

[Drawing 5] It is the timing diagram which shows one mode of an operation of the circuit of drawing 4 . 

[Drawing 6] It is the circuit diagram showing the alteration of the circuit of drawing 4 . 

[Description of Notations] 

10 Capacitor Plate 

1 1 Dielectric Substrate 

12 Large-scale Electronic Circuitry 

13 Dielectric Layer 

14 14' Conductive film 

15 Elastomer Material 

16 Opening Layer 

17 Dielectric Materials 
21, 22, 23 Line line 

24, 25, 27 Common line 
26 Right Voltage Supply Line 
30 3 1 Train line 
40,41,42, 43 TFT (TFT) 

50 5 1 Amplifier 

52 53 Integrating capacitor 
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[Drawi ng 5] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s h ows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The tactile sensor characterized by having the signal amplifier and signal computing element which have the pressure 
detecting element which is characterized by providing the following, and which detects a horizontal pressure, and were prepared on 
the aforementioned semiconductor substrate. The pressure detecting element which detects the vertical pressure which consists of 
multilayer structure of the conductor film prepared in the upper part of the insulator layer formed on the semiconductor substrate, a 
piezo-electric-crystal film, and a conductor film. The conductor film prepared in two or more crevices formed in the conductor film 
and piezo-electric-crystal film which were prepared in the upper part of the insulator layer formed on the aforementioned 
semiconductor substrate, and this piezo-electric-crystal film. 

[Claim 2] The tactile sensor according to claim 1 with which the piezo-electric-crystal film which constitutes the pressure detecting 
element which detects the pressure of the aforementioned perpendicular direction, and the piezo-electric-crystal film which constitutes 
the pressure detecting element which detects a horizontal pressure are characterized by being constituted discontinuously. 

[Claim 3] The tactile sensor according to claim 1 characterized by consisting of the quality of the materials from which the piezo- 
electric-crystal film which constitutes the pressure detecting element which detects the pressure of the aforementioned perpendicular 
direction, and the piezo-electric-crystal film which constitutes the pressure detecting element which detects a horizontal pressure are 
discontinuous, and differs. 

[Claim 4] A tactile sensor given in any 1 term of the claims 1-3 characterized by arranging the pressure detecting element which 
detects the pressure detecting element and the horizontal pressure which detect the pressure of the aforementioned perpendicular 
direction a single dimension or in the shape of-dimensional [ 2 ]. 

[Claim 5] A tactile sensor given in any 1 term of the claims 1-4 characterized by having formed the polyimide insulator layer in the 
upper part of the pressure detecting element, signal amplifier, and signal computing element which detect the perpendicular direction 
and the horizontal pressure which were formed on the aforementioned semiconductor substrate, and thin-film-izing a semiconductor 
substrate. 

[Claim 6] A tactile sensor given in any 1 term of the claims 1-5 characterized by having the sensor which detects temperature on the 
aforementioned semiconductor substrate. 

[Claim 7] The aforementioned piezo-electric-crystal film is a tactile sensor given in any 1 term of the claims 1-6 characterized by 
having the titanic-acid lead zirconate composition specified by the chemical composition of Pb(TiX Zrl-X) 03 (X in a formula 
expresses a composition ratio and is the range of 0.2- 1 .0), and being constituted. 

[Claim 8] The aforementioned piezo-electric-crystal film is a tactile sensor given in any 1 term of the claims 1-6 characterized by 
consisting of piezo electric crystals specified by the chemical composition of PbY Sr l-YO(TiX Zrl-X) 3 (X in a formula expresses a 
composition ratio, the range of 0.2- 1.0 and Y express a composition ratio, and it is the range of 0.85-1.0). 

[Claim 9] The aforementioned temperature detection sensor is a tactile sensor according to claim 6 characterized by consisting of 
semiconductors specified by the chemical composition of BaY Sr l-YO(TiX Zrl-X) 3 (X in a formula expresses a composition ratio, 
the range of 0.2- 1.0 and Y express a composition ratio, and it is the range of 0.85-1 .0). 



[Translation done.] 
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